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Description 



TECHNICAL FIELD 

The present invention relates to a rubber conposition for tire use containing carbon black having silica deposited 
on the surface thereof (hereinafter referred to as "silica surface-treated carbon blacky. More specifically, it relates to a 
rubber master batch composition containing a diene rubber and a surface-treated cartwn blackfor rubber reinforcemert 
having amorphous silica deposited on the surface thereof. Such a rubber composition containing silica surface-treated 
caibon black may be used for various types of rubber products such as cap treads, side treads, and belt cord covering 
rubber of tires, and other tire materials and also belt conveyors, rubber rolls for industrial use, hoses, etc. 



BACKGROUI^D ART 

In the rii)ber industries, such as tire industry, carbon black far reinforcing the rubber is mixed with rubber in 
advance tw a wet carbon black master batch method whereby the process of kneading the carbon black into the rubber 
has been attempted to be simplified and inprovements in the dispersibility of the carbon black in the mbber have been 
attempted (for example, see Japanese Unexamined Patent Publication (Kbkai) No. 59-49247 and Japanese Unexam- 
ined Patent Publication (Kokai) No 63-43937). .^^^ « ■ 

Rubber compounds for tire use are usually used for applications where repeated deformation is applied, if the 
tan 6 of the njbber compound in the high temperature region (for example, at GO^C) is high, however, the amount of 
heat generated during use etc. becomes high, which is liable to lead to early breakage of the product such as tire. 
Therefore there has been a need for lowering the tan 5 in the high temperature region, while maintaining the gnp on 
wet roads the wear resistance, the breakage strength, and other performances. For example, in tire compounds, 
improvement of the fuel consumption, durability, etc. requires that the tan 8 be lowered in the high tempwature region 
(40»C to 100»C), in particular at 60°C, but in general the braking performance (for example, wet gnp). which is a con- 
tradictory property, falls as well. Thus, it becomes necessary to maintain this property. 

In recent years, however, the appearance of superia silane coupling agents has led to the formulation of silica 
instead of carbon black. Silica has a tower tan 5 at high temperatures (about 60°C) compared v«th carbon black and 
a higher tan 6 at low temperatures (about 0°C). and therefore, when used for example fa a rubber compositon lor a 
tire tread has the advantage of enabling productton of a tire having a low rolling resistance and a high cpp. 

As this prior art. for exanple. Japanese Unexamined Patent Publication (KbkaO No 3-239737 proposes blending a 
silica filler vmth an SBR obtained by the solutkin pdymerizafion method or a blend thereof and a diene rubber. Further. 
Japanese Unexamined Patent Publication (Kokai) No. 3-252431 proposes the blending of a silica filler and silane cou- 
pling agent into an SBR obtained by the solution polymerization method or a blend thereof with a diene mbber. Further. 
!^nese Unexamined Patent Publication (Kbkai) No. 3-253433 proposes the blending of a silica filler and silane cou- 
pling agent with solution polymerization BR or SBR having silane modified terminals. ^ J au 

While accordingtotheabove-mentionedproposalsthe tan 6 atthehightemperatureregioncanbe reduced, with- 
out lowerira the braking performance and other properties, however, the addition of the silica means that the wear 
resistance is inferior to that when just adding caibon black. Further, silica tends to make a high degree of self agglom- 
eration, and therefore, is not easy to disperse. Thus the problem of inferior processaWlity is caused. Further, sdica is 
nonconductive. therefore, when silica is used atone for tire use. in particular tire tread use. without the use of a suff laert 
amount (nomiaily about 40 parts by weight) of caibon black, results in insufficient flow of static electncrty to the road 
surface and, as a result, charging and static disoharg& The resultant discharge causes noise in the radio and other 
electronic apparatuses and in some cases causes erroneous operation of the same. Further, the vulcanizaton rate is 
slower and therefore, a vulcanization promoter becomes necessary and the cost becomes higher. 

Covering the surface of the pigment etc. with silica eto. to improve the dispersibility and improve the weather resist- 
ance has been proposed, for example, in Japanese Examined Patent Publication (Kokoku) No. 50-14254. Japanese 
Examined Patent Publication (Kokoku) No. 7-30269, etc. but none of these alludes to the deposition of silica on the sur- 
face of the carbon black for rubber reinforcement. . ..I. •■• 

On the other hand, when blending silica with a rubber composition, it is difficult to cause the dispersion of the silica 
during the kneading and therefore a large amount of labor becomes necessary fbr tiie kneading. TTius. the preparation 
of master batches has been desired for silica like carbon black. Silica, however, has a different aggtomeration pH (about 
4 to 7) than the aggtomeration pH region of carbon black (about 2.5 to 3), and therefore, in the past a satsfactory wet 
type silica master batch has not been able to be obtained. 



DISCLOSURE OF INVENTION 



Accordingly, an object of the present invention is to provide a mbber composition containing silica surface-treated 
caibon black which gives a rubber composition having the superior tan 6 temperature dependency of silica and an 
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excellent wear resistance and also free from the problems derived from a low electrooonductivtty. 

Another object of the present Invention is to provide a rubber composition for a tire which gives a rubber superior 
in wet grip and rolling resistance compared with use of carbon blad( atone, superior in wear resistance and with a 
smaller electrical resistance compared with use of silica abne, and therefore, free from the problem of noise in the radio 
5 and other electronic apparatuses, and which is superior in the dispersibility as well. 

A further object of the present invention is to provide a rubber composition which has a si|)eria effect in lowering 
the rolling resistance and Improving the cut resistance of rubber for use for side treads and improving the cord adhesion 
and improving the hardness of rubber for use in covering belt cords. 

In accordance with the present Invention, there is provided a rubber composition comprising (a) at least one rubber 
10 component containing a diene rubber and (b) a rubber reinforcing carbon black having silica deposited on the surface 
thereof. 

In accortlance with the present invention, there is also provided a rubber composition comprising a rubber reinforc- 
ing surface-treated csabon black obtained by coagulating with a coagulating agent a mixture of (a) 100 parts by wei^, 
in terms of solid content, of rubber latex containing a diene rubber and (b) 10 to 250 parts by weight in terms of solid 
15 content, of a slurry of carbon black for rubber reinforcement having amorphous silica deposited on the surface thereof. 

In accordance with the present invention, there is further provided a rubber composition for tire use comprising at 
(east one rubber component-containing a diene rubber to which is blended surface-treated cartx)n black composed of 
rubber reinforcing carbon black having a nitrogen specific surface area (N2SA) of 25 to 250 m^/g and a DBP oil absorp- 
tion of 70 to 180 ml/ 100 g on the surface of which is deposited with 0.1 to 20% by weight of silica. 

20 

BEST r^ODE FOR CRYING OUT THE INVENTION 

The present inventors, as explained above, succeeded in obtaining a rubber master batch composition containing 
silica by a wet method providing a ri^ber having the superior tan 5 temperature dependency of silica, having an exoel- 

2S lent wear resistance, and free from the problems derived from a low electroconductivity by causing a completely novel 
rubber reinforcement surface-treated cart)on black to coagulate with a diene rubber latex. 

According to the present invention, as explained above, carbon black having silica deposited (or precipitated) on. 
the surface thereof (i.e., silica surface-treated carbon blad^ is blended at least one rubber ingredient containing a diene 
rubber. The amount of deposition of the silica in the ^lica surface-treated carbon black is 0.1 to 20% by weight, prefer- 
so ably. 0.3 to 1 5% by weight tf the content of the silica is too smalt, the balance between the tan 5 in the high tempera- 
ture region (40% to 100%) and the tan & in the low temperature region (about Q°C) is liable not to be improved, while 
conversely rf the content of the silica is too \aige, the electroconductivity will be decreased, the agglomerating force of 
the filler will become stronger, and dispersibility during the kneading may become insufficient. 

As the rut)ber reinforcement cartxsn black usal^le as the starting substance for manufacture of silica surface-treated 

35 carbon black for the rubber reinforcement used in the present invention, any carbon black generally used as carbon for 
reinforcement of rubber for tires etc. in the past can be used. A preferable carbon black is a QPF to SAP grade of rubber 
reinforcement cart>on black produced by the oil iumace method. The type may be determined depending upon the 
application or utility of the mbber compositk)n and blends of two or more types may be used as well. 

The silica sur^ce-treated cartx>n black according to the present invention may be produced, for example, as fol- 

40 lows. That is, the rubber reinforcing cart)on black is first dispersed in water. To improve the dispersibility of the carbon 
black a suitable dispersant, for example, methanol or various types of surfactants, is added to make a homogeneous 
slurry. Next, an amount of sodium silicate oorresporxjing to the amount of silica to be deposited on the surface of the 
carbon black is added, under stinging, in the form of an aqueous solution, for example, to the aqueous slurry of carbon 
blackthi^ obtained. Note that the amount of silica to be deposited on the surface of the carbon black is not particularly 

45 limited, but is preferably 0.1 to 25% by weight based on the weight of the silica surface-treated cartx>n black. If the 
amount of deposition of silica is too great, there is a tendency for drfficulty in coagulation with the rubber latex. On the 
other hand, at the same time as the aqueous solution of the sodium silicate, to neutralize the sodium silicate added, an 
acid, for exanple, sulfuric acid, hydrochloric add, nitric add, etc., is added with stirring. It Is preferable to perform the 
addition of the aqueous solution of the acid and the addition of the sodium silicate simultaneously and in substantially 

so the same amounts. The preferable feed rate of the sodium silicate is 0.001 to 0.110 g/hiin, in terms of the amount of 
silica, based upon 100 parts by weight of carbon black. 

The pH of the reaction system at the stage of the above surface-treatment reaction is preferably 6 to 12, and tiie 
reaction temperature is preferably from 50^ to 95°C from a practical viewpoint. In the stage of the above surface treat- 
ment reaction, after the amorphous silica is deposited on the surface of the cartwn blad(, it is possible to adjust the pH 

55 of the system to not more than 7, allow the mixture to stand at a temperature of 50^ to 95%, witii stirring, to cause aging 
and thereby obtein a slun-y of tfie desired silica surface-treated carbon black. 

However, the silica surface-treated cartx)n black according to the present invention is not limited to this process of 
production. It may also be produced by placing carbon black produced by the oil furnace metiiod etc. into an atmos- 
phere for produdng white carbon so as to cause silica to deposit on the surface of tiie carbon black. 
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Thetotal amourt of the sili(» in the rubber reinfor(»r produced by Ihis method is not ne 
icallytoSS to me surface of the ca*on black, but observation by a transmission type ^^."'<^<^^^^ 
So OoSo SrSrms that there is silica deposited on the ca*on black. Further, observation of the silica ^^'^^ 
SS^SS*! by kneading once Silh rubber, then pyrolyzing the rubber ingredient in nrtrogen ^ 
S^ted ^ the cartjon black. arS therefore, it is considered that the deposited silica and carbon have bonds of a cer- 
tain degree of Strength. 

The Silica surface-treated caibon black acco«ling to the present invention has a ™^«>9en^;'° S'l£?Z?r 
(N,SA) measured according to ASTM D 3037. of 20 to 250 rrf/g. preferably 55 to 250 m^/g .n the case the r'Jber 
SltTfar fcap or unSer tread. 25 to 120 m^/g in the case of the rubber composrtion fbr a side tread and 70 to 
W/fl in the cSe of the rubber composition for a tire belt cord covering. With a nitrogen specrfic area of l«s man 
^S,gZ\^^cen^ of the rubber feinsufficierrt and the brealdng strength and wear stance r^d^rease^ 
whilTSnve^ely H the nitrogen specif ic area is more than 250 m^/g. 

"^^S^L^r^c^aTcS^n b^ck according to me present inve^on ^ a DBP «. ^^^^^^ 
according to JIS K 6221 . of 70 to 180 rr</100 g. preferably 70 to 180 ml/100 g in the case of the ^^^^ 

cir uSer tread. 70 to 1 50 ml/100 g in the case of the rubber composition for a side tread, and 70 to 150 ml/100 g 
in the case of the rubber composition for a tire belt cord covering. _ u« « 

^hTrXMngredient wS, is blended into Ihe rubber conposftion according to the pr^ .nvenfon may be a 
rubblJfnSJSir^^ainingadienerubber-aloneoramb^^^ 
treated caibon black inproves its wear resistance, grip performance, rolling fesis^noe. rtc_ 

As the diene rubber any rubber which has been used fbr tires in the past can be used. For example najral rubbw 
(NRrtSroSXIsS bSiene rubbers (BR), various types of styrene-butadiene copolymer mbbe-B (SBR). poljflso- 
prSeTbS K^S^r (IIR). aajlonirile butadiene rubber, chloroprene ^^^TZTeTeSK 
rubber stvrene-isoorene4)u1adiene copolymer rubber, isoprene^xrtadiene copolymer rubber, etc. may be mention^ 
/S^eS-s SXvyleneTS^^ rubber. ethylene^)ropylen^iene copolymer rubber. chtorosu«onarted 

JSlyX^ac.^ oiber. ^orohydrin. polysulfide rubber. ^^^^^^^•'^^rTl':;^Zt^ 
to S When mixtures of two or more types are used, the ratio of the wend .s not p^^^^ 

Accortiingtothepresentinvention.the6ilicasurface-lreatedcaibonblack.6preferablyadded^^^^^^ 

weiafHore preferaSy 15 to 200 parts by weight, particularly preferably 10 to 100 parts by wejgW. toJOO^Jy 
Sm Ze ZLr ir^redlent. the amount of formulation is too sma«. the desired ^^"^ '^^S^kSS 
Sersel" if the amomt is too large, the hardness becomes too high, the processabHrty declines, and the practcal 
iralue as a rubber material may Otherwise become unpreferaWy poor. 

ru*er wsition t!f the present invention may contain, in addition to the above-mentioned silica surface- 
treated carbon black any carbon black and/or silica usually blended into a rubber conpositon. 

, ?^ei:JS:l^eJdinarycart»nb.ackand/orsilicab.end«^ 

surface-treated cart»n black in weight, preferably no more than 8 times. If the amount of the cartwn Wack blended is 

may be rubl^;^ sdecled from natural rubber (NR). pdyiscprene rubber (IR^ et/jinebutadiene copolymer rubber 
(SBR) polybutadiene rubber (BR), butyl rubber (IIR). acrylonitrile butadiene rubber (NBR). eto. 

As ooDoS to this the rubber composition, for the tire side tread the preferable rubber for inclusion as the rubber 
inar^eSSbe one oT^XSo^diene rubtors selected from NR. IR. BR. SBR. BR including 1.2^ynd.otactic 
^SS^Zt NR o" BR includJIS microfilaments (eg., nylon etc.) Tli« is because the mbber for side tread requires 
narticularlvsuDerlor flex fatigue resistance and damage resistance. uk md 

"^S^Te r^S^mposition for tire belt cord covering, the rubber included as the rubtor ingredient^ preferably NR. 
IR SBR or BR This is because toughness and bondability with steel coid or organic cord are required. 
^eV^jtor^r^sft^^ 

co«l^Sr^SSned above. irSude as Suers 1 0 to 200 parts by weight or 10 to 1 00 parts by weightof a al^ 
^^26 cZn black based upon 1 00 parts by weight of a rU*er ingredient 
Amount of the filler blended is too small, the tensile strength etc. of the rubber oonp«*on are ^ecreas^. v^e o^- 
Sereelv if the amount is too large, the hardness and the heat generated along with deformation will incr^se too much 
arieS thr^aSiiuang? In addition, the viscosrty of the rubber composition when still unvulcanized will become 

" ^^'hrneTi^tre^n^r^^^^ 

55 to 250 iS'/o and a DBF oil absorption of 70 to 180 ml/1 00 g in the case of tre cap tread and under tread If the value 
d ^edf ic surface arek of the silica suriace*eated caibon Wack is too low. the wear resistance tensite 

iSX^cTcSL^whicha^^ 



45 
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ina of the rubber becomes difficult, which is also not desirable. 

^bbTcSSS to tire tread, urder tread, side lr»l and telt OMi cmethg acorttm to the preteal* «n*o4- 
^S^X^lLoner;ro.partla.ia,l,«mited,tHilp™fe-<,lh.<«t»n^ 

"'■s:;^LC'eSSi^^s^prS^-™*n,..»«»^^^ 

o.*I^bMjr.ZSrepoeitedontliesurta=elte^^ 
« Sr.'SX^"£rrU*.iedu»y..c.e«n^.«^^^ 

bleni 10 t^SCrT^^^^ of other ingredients generally used in formulations of rubber.n P^^*^^^^^^^ 
^!^ramo^^^^ and other process oils arxl/or synthetic plastazers. Iqud rubber, and other hquds. 

based upon 100 parts by weight of the diene family rubber. 
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EXAMPLES 

The present invention will now t>e further illustrated by, but is by no means liniited to, the following Examples. 
6 Example 1-1 to 1-5 and Comparative Examples 1-1 to 1-3 
Preparation of Silica Surface Treated Carbon Bls^ck 



10 



As the carbon black, the rubber reinforcement carbon black shown in Table 1-1 was used. 200 g of a 1 0 wt% ague- j 
ous solution of a carbon black dispersant (i.e., methanol) was welt mixed into 100 g of carbon black (CB), then l .8 liters / 
of water was added while stirring to obtain a honfK)geneous carbon black slurry. Next, since the desired anrxtunt of the [ 
silica to be deposited on the surface of the carbon black was. here, 10 wt%, the corresponding amount of sodium sili- 
cate, that is, 33.3 g, was weighed arxil diluted with 0.2 liter of water. / 
The cartton black slurry obtained above was heated to 90^C and adjusted to pH 9. To this slurry was dropwise > 
IS added the aqueous solution of sodium silicate obtained above at a rate of 0.060 g/min with sufficient stirring. At the I 
same time, the pH of the system was adjusted to 9 by adding a 2.0 wt% aqueous solution of sulfuric acid. ^ 

When the addition of the aqueous solution of sodium silicate was completed, the mixture was allowed to stand, 
while maintaining a pH 10 and a temperature of 90°C. while stirring for about 30 minutes (aging) to obtain the desired 
slurry-like substance (solid content of 4.0 wt%) Including the surface-treated cait)on black. 
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Measurement of Silica Content of Surface Treated Carbon Black 



A sample of the surface-treated carbon black was pyrolyzed in an electric furnace at 600*^C, then the ash was 
treated with hydrofluoric acid and the reduction in weight expressed as the silica content as a percentage of the weight 
26 of the original surfaoe-treated carbon. The results are shown in Table 1-1 . 
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Preparation of Rubber Compo sition Containina Surface-Treated Cartx^n PlacK 

Next, the surface-treated carbon black obtained above was made into a slurry (concentration of 12.5 wt%). 200 g 
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of this slurry and 125 g of SBR1502 latex (concentration of 41 wt%) were mixed 1000 g of saline water (concentration 
of 3 wt%) was added to this as a coagulant, then the mixture was stinred at a temperature of 50^0 for 0.5 hour to obtain 
the rut3ber reinforcing rubk)er composition containing silica surface-treated carbon black 

s Methods of Measurement of Physical Properties of Rubber 

The physical properties of rubber were evaluated for a rubber composition of the present invention, that is, Example 
1-1 of Table 1-1 , in comparison with a case of kneading by the usual dry blend method and a case of use of carbon black. 

Various types of rubber compositions were prepared by ordinary methods by kneading the following formulations 
10 by a Bambury mixer and roll machine (vulcanization conditions: 160°C x 30 minutes). The results are shown in Table I- 
2. 



Formulation Table 


Diene rubber (SBR1502) 


100 parts by weight 


Reinforcing filler (see Table 1-1) 


50 parts by weight 


Silane coupling agent*"* 


3 parts by weight*^ 


Zinc oxide (JIS No. 3) 


3 parts by weight 


Stearic acid 


2 parts by weight 


Antioxidant*^ 


2 parts by weight 


Powdered sulfur 


2 parts by weight 


ViJlcanization accelerator*^ 


1 part by weight 



*1) Si 69 (made tyy Degussa Co.) 
*2) Not used when reinforcing filler \5 cartx>n blad^ 
*3) Santoflex 13 (Made by t^onsanto Corp.) 
30 . *4) Santocure NS (Made b/ Monsanto Corp.) 
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Example 11-1 to 11-14 and Comparative Example 11-1 to 11-19 
Preparation of Silica Surface-Treated Carbon Black 

6 The silica surface-treated carbon black was prepared by the following method. That is, carbon black slurry was pre- 
pared according to an ordinary method and warmed to 90^C, then diluted JIS No. 1 sodium silicate was added by a con- 
stant feed pump, while maintaining a pH of 5 to 10 with dilute sulfuric acid and an aqueous solution of sodium hydroxide 
so as to cause silica to deposit on the caston surf^. Next, the pH was made 6 and the mixture was allowed to stand 
for 1 hour, then was filtered, washed with water, and dried to obtain the desired substanca The change of the silica con- 

10 tent was performed by adjusting the amount of addition of the sodium silicate and the pH of the system. 

The silica content in the silica surface-treated carbon black (CB) was found by pyrolyzing the silica surface-treated 
carbon black in an electric furnace at 600°C, then performing f luorination and the following processing and then finding 
the content by the following formula: 

15 Silica content (%)=[tjoss of weight due to f (uorination/Weight of surface-treated carbon black]x 1 00 

Fluorination; About 200 mg of the sarrpte was weighed with and placed in a polyethylene beaker. This was mois- 
tened with distilled water, then 5 mg of hydrcf luoric add was added. This was stirred and allowed to stand for 5 minutes, 
then was suction f iltered, washed well with water, and dried. 
20 The properties of the prepared silica surface-treated carbon black are shown in Table 11-1 . The methods of meas- 
urement are as explained below. 

Nitrogen specific surface area: AS7M D3037 

DBP oil absorption: JIS K6221 Test Methods for Carbon Black for Rubber" 

25 



Table it-1 



30 


(Properties of Surface-Treated Cartx)n Black) 






Original carkx}n triack properties 


Silica wt% 


35 




Carbon black grade 


Nitrogen specific surface 
area m^/g 


DBP oil absorption 
ml/100 g 




Surface-treated carbon 
black 1 


HAF(N339) 


94 


132 


0.6 




Surfece-treated cart)on 
black 2 


m 


n 


n 


5.5 


40 


Surface-treated cartx^n 
blacks 


m 






10.8 




Surface-treated carbon 
black 4 








18.3 


45 


Surface-treated cartx>n 
black 5 


m 






25.0 




Surface-treated carbon 
black 6 


ISAF (N220) 


111 


115 


10.1 


50 


Surface-treated cartx)n 
black? 


ISAF-HS 


125 


170 


10.7 




Surface-treated cartx)n 
blacks 


SAF (N110) 


144 


118 


10.2 



55 



The basic formulations (parts by weight) of the various rubber compositions used in the following Examples and 
Comparative Examples are shown in Table 11-2 (Formulation 1), Table 11-3 (Formulation 2), and Table 11-4 (Formiilation 
3). 
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Tab! 11-2 



SBR1502*^ 


100 


Reinforcing filler 


Carbon black, silica, surface-treated carbon suitably used 


Silane coupling agent'^ 


q.s. 


Vulcanizatior^ promoter*^ 


q.6. 


Zinc white 


3 


Stearic acid 


2 


Antioxidant*^ 


2 


Wax 


1 


Sulfur 


1.8 


Vulcanization accelerator*^ 


0.8 



*1) NIPOL 1502: made by Nippon Zeon Co. 
*2) Si 69: made by Degussa Co. 
*3) Diethylene gtycot 

M) Santoffex 13: made by Monsanto Corp. 
*5) Santocure MS: made by Monsanto Corp. 



Table fl-3 



Solution polymerization SBR*^ 


35 


Natural rubber 


65 


Reinforcing filler 


Carbon black, silica, surface-treated carbon suitably used 


Silane coupling agent*^ 


q.s. 


VLilcanization promoter*^ 


q.s. 


Zinc white 


3 


Stearic acid 


2 


Antioxidant*^ 


2 


Wax 


1 


Sulfur 


2 


Vulcanization accelerator*^ 


1 



M) NIPOL NS 1 16: made by Nippon Zeon Co. 
*2t) Si 69: made by Degussa Ca 
'3) Diethylene glycol 

M) Santoflex 13: made by Monsanto Corp. 
*5i Santocure NS: made by Monsanto Corp. 
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Table 11-4 





Solution ooivmerization SBR*^ 


65 


6 




35 




Reinfordno filler 


Cartxsn black, silica &urface*treated cart)on suitablv us6d 




Sildne oouQlinci aofint^ 


O 6 


10 


\AitRantzation oromotfif*^ 






Zinc white 


3 




Stearic add 


2 


15 


ArTticxidant*^ 


3 


Wax 


1.5 




Aroma oil 


30 




Sulfur 


17 


20 


vulcanization accelerator*^ 


0,8 



M) NS 1 16: made by Nippon Zeon Co. 
*2) NIPOL BR 1220: made by Nippon Zeon Co. 
*3) Si 69: made by Oegussa Co. 
*4) Diethyfene glycol 
2S *5) Santof lex 1 3: made by Monsanto Corp. 

*6) Santocure NS: made by Monsanto Corp. 



30 Various rubber conrtposttions were prepared by the fornfuilations of Table lt-5 (Examples 11-1 to 11-8 and Comparative 
Examples 11-1 to 11-9), Table il-6 (Examples 11-9 to tl-lO and Comparative Examples 11-10 to 13). Table 11-7 (Example 11- 
1 1 to 11-12 and Comparative Examples 11-14 to 11-17), and Table 11-8 (Exanr^es 11-13 to 11-14 and Comparative Examples 
11-18 to 11-19) (using the above Formulation 1) ( parts by weight) by an ordinary method by mixing and kneading by a 
Bambury mixer and kneading roller. These rubber conriposfttons were vulcanized by pressing at 160% for 20 minutes 

35 to prepare the target test pieces which were then subjected to various types of tests to measure their physical proper- 
ties. The results are shown in Table 11-5 to Table 11-8. Note that the test methods were as follows: 
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10 



15 



Carbon black N 
Silica*^ 

Surtace-trealed 
carbon 6*^ 

Silane coupling 
agent 

Vulcanization 
promoter 



Confip. Ex. 11-10 
40 



Comp. Ex. 11-11 



40 



4 

2 



Ex. 11-9 



40 
2 



Comp, Ex. 11-12 
60" 



Comp. Ex. 11-13 



60 



6 
3 



20 



25 



Wear resistance 
index 

Wet braking per- 
formance 

Rolling resist- 
ance index 

Electrical resist- 
ance (Qcm) 

Vulcanization 
acceleration 
index 



100 



100 



100 



7.1 E+C 



100 



62 



90 



83 



101 



98 



88 



1.8E+14 



107 



1.5E+1 



103 



128 

128 

140 

6.7E-1 

90 



30 



M) Cartxxi black N 220: Seasl 6 (made by Tokai Carbon Co.) 
*2) Silica : Nipsil AQ (made by Nippon Silica J^yo Co.) 
*3) Sirface-treated cart)on 6: see Table IH . 



105 
119 
105 

2.4E+14 
114 



35 



40 



45 



SO 



55 
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Table 11-7 







Ck)mp. Ex. 11-14 


Comp. Ex. 11-15 


Ex. 11-11 


Comp. Ex. 11-16 


Camp. Ex. 11-17 


Ex. 11-12 


5 




40 




_ 


60 


- 


- 




ISAF-HS*^ 
















Silica*^ 




Ar\ 

*¥J 






60 


- 

60 




Surfaoe-treated 






•Hi 






in 


carbon 7*^ 
















Silane coupling 




A 

H- 


c 




6 


3 




agent 
















Vulcanization 


- 


o 
d 






3 




15 


promoter 
















Wear resistance 


100 


53 


luy 


107 


90 


117 




index 
















Wet braking per- 


100 


94 




121 


124 


123 


20 


formance 
















Rolling resist- 


100 


87 


95 




110 


119 




ance index 












B.OE+O 




Electrical resist- 


2.2E+1 


1.8E+14 


4.8E+1 


5.0E+0 


1,6E+14 


25 


ance (acm) 












119 




Vulcanization 


100 


122 


116 


95 


130 




acceleration 
















index 















•1) Cartwn black ISAF-HS: CD2005 (made by Colombian Chemicals Co.) 
*2) Silica: Npsil AQ (made by Nippon Silica Industry Co.) 
*3) Surface-treated carbon 7: see Table 11-1 



35 



Table 11-8 





Comp. Ex. 11-18 


Ex. 11-13 


Comp. Ex. 11-19 


Ex. 11-14 


CarbonblackNIlO*"' 


60 




80 


80 


Surface-treated carbon 8*^ 




60 




Silane coupling agent 




3 




4 


Aroma oil 


20 


20 


30 


30 


Wear resistance index 


100 


107 


112 


117 


Wet braking performance 


100 


100 


122 


121 


Rolling resistance index 


100 


93 


129 


116 


Electrical resistance (Qcm) 


5.0E+0 


5.75+0 


8.7E+1 


9.4E-1 


vulcanization acceleration index 


100 


108 


98 


110 



*1) Carbon black N 1 1 0: Seast 9 (made by Tckai Carbon Co.) 
*2) Suriace-treated cartwn 8: see Table 11-1 
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Methods of Measurement of Various Types of Physical Properties 



Vulcanization Acceleration Index 

A sample of unvulcanized rubber was tested by a rheometer at 160°C to find the T95. The result was shown as an 
index using one of the cartoon black fbrniulations as 1 00. The smaller thefigure, the less a delay in vulcanization shown. 

Weak Resistance 

A Lamboum wear tester was used to measure the wear resistance under conditions of a room temperature, a slip 
ratio of 35%. and a load of 5 kg. The result was shown as an index using one of the carbon black fbnnulations as 100. 
The larger the figure, the better tfie wear resistance. 

A viscoelasticrty spectrometer made by Toyo Seiki Seisakusho Co. was used and the tan 5 measured under con- 
ditions of a temperature of 0°C, a static stress of 10%. a dynamic stress of i2%. and a frequency of 20 Hz. The results 
are shown as an index using one of the cart>on black formulations as 100. The larger the figure, the better the wet brak- 
ing performance shewn. 

Rolling Resistance Index 

A visooelastidty spectrometer made by Toyo Seiki Seisakusho Co. was used and tine tan & was measured under 
conditions of a temperature of 60°C. a static stress of 10%. a dynamic stress of ±2%, and a frequency of 20 Hz. The 
results are shown as an index using one of the carbon black formulations as 100. The snrtaller thefigure, the smaller the 
rolling resistance. 

El g gltri qai Bffi igfen fip 

The volume specific resistance was measured by ASTM D991 or JIS K691 1 . 

As dear from the results of Table 11-5 to Table 11^. compared witfi tiie rubber compositions of Comparative Exam- 
ples 11-1 to 11-19 where ordinary carbon black or sitk:a was blended rather than blending the surface-treated carbon 
Uad^ tiie rubber composrtions of Examples 11-1 to 11-14 where surface-ti-eated carbon black was blended gave rUbfc»er 
with an excellent wet braking performance and low rolling resistance while maintaining an excellent wear resistance. 
Furtiier, witii the examples of tiie invention, it was possible to reduce the electrical resistance compared with formula- 
tions of silica. 

Examples 11-15 to 11-16 and Comparative Examples 11-20 to 11-22 

Various rubber compositions were prepared by tiie formulations (parts by weight) shown in the above Table 11-3 and 
Table 11-9 by an ordinary method by mixing and kneading by a Bambury mixer and kneading roller. These rubber com- 
positions were vulcanized tsy pressing at 1 60°C for 20 minutes to prepare test pieces which were tiien sul3jected to var- 
ious tests. The resuHs are shown in Table 11-9. Note tiiat the characteristic value of the reinforcing agent is a value 
Including carbon black and silica 
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Table 11-9 





Cromp. cx. 11-20 


uonp. cx. ii-2 1 


Cw II 4 C 

tX. 11-10 


II 

tX. 11-7 O 


uomp. tx. \\'£.c 


oan30n DfacK im ooij 












Sihca 




50 








Suiiiacd-treatdd carbon 1 ^ 






50 






Surface-treated cartwn 2*^ 








50 




Surface-treated cartwn 5*^ 










50 






A 
•f 




o 


o 


Vulcanization promoter 




2 








Wear resistance index 


100 


75 


99 


90 


97 


Wet braking performance 


100 


107 


100 


99 


101 


Rolling resistance index 


100 


71 


73 


72 


71 


Electrical resistance (Qcm) 


1.23E+2 


1.7E+14 


2.0E42 


2.2E+2 


2.4E+2 


Vulcanization acceleration index 


100 


135 


110 


112 


112 



M) Carbon Wack N 339: Seast KH (made by Tokai Cartx)n Co.) 
*2} Si&ca: NipsB AQ (made by Nippon Silica Industry Co.) 
*3) Surtaoe-treated cadxxi t , 2. 5: see Table 11-1 



As is dear from the results of Table 11-9, when the silica surface-treated carbon black of the present invention is 
30 blended instead of the usual carbon black (samples 11-1 5 to 11-16). as compared with the case where just carbon black 
is blended (Comparative Exanrple 11-20) and the case where just silica is blended (Comparative Example 11-21), the roll- 
ing resistance index is vastly improved, without detracting from the other properties. 

Note that in the case where silica was used. (Comparative Example 11-21) the rolling resistance was improved, but 
the wear resistance became poor and, further, as expected, the vulcanization rate became slower. 
35 Accordingly, the Examples of the present invention can be said to improve the irpportant properties of the wear 
resistance, wet braking performance, rolling res^nce index, dectrtcai resistance, vulcanization rate, etc. with a good 
balance. 

gxampl? 11-17 and CpriTparativ^ Exgrnpieg 11-23 to Ii-g4 

AO 

Various rubber compositions were prepared by the formulations (parts by weight) shown in Table 11-4 and Table II- 
10 by an ordinary method by nrvxing and kneading by a Bambury mixer and kneading roller. These ribber compositions 
were vulcanized by pressing at 160^C for 20 minutes to prepare test pieces for cap treads which were then subjected 
to various tests. TTie results are shown in Table 11-10. 



50 
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Table 11-10 





UOmp. bX. (hcfo 


WOnp. tX. Ird4 


II 17 

tx. n- 1 f 










oiiica 




DA 




Sur^ce-tredtdd cartx)n 6*^ 






OU 


WIICII vVAJf^lll 1^ CXyCI It 




A 
\J 


4 


Vijicanizalion promoter 




4 




Wear resistance index 


100 


79 


103 


Wet braking performance 


100 


103 


104 


Rolling resistance index 


100 


71 


76 


Electrical resistance (ficm) 


8.1 E-1 


2.1E+14 


I.IE4O 


vulcanization acceleration index 


100 


131 


110 



20 '1) Cartwn black N 220: Seast 6 (made by Tokai Carbon Co.) 

'2) SiBca: Nipsfl AQ (made by Nippon Silica Kbgyo Co.) 
*3) Surface-treated cartxm 6: see Table t(-l 



As is clear from the results of Table 11-10, by blending in the surface-treated carbon black of the present invention, 
it is possible to obtain a rubber composition fiaving an improved wear resistance and wet braking performance and hav- 
ing a low electrical resistance and an extremely low rolling resistance. 

30 INDUSTRIAL APPLICABILITY 

As is clear from the results of Table 1-1 and Table 1-2. the rubber composition containing silica surface-treated car- 
bon black according to the present invention can be produced by a method the same as with an ordinary cartx>n master 
k>atch. The resultant composition also gives a rukiber having a lower tan 6 at a high temperature region (60^C) oom- 

35 pared witii one witii regular cartx)n black and does not fall in wear resistance. According to tiie present invention, fur- 
ther. t}y blending the silica surface-treated cart>on black, it is possSsle to give a rubber which is SMperior to one with 
regular cartxKi black and has a wet grip and tow rolling resistance equal to or better than one with just silica. Further, 
compared with a conventional silica filler, the resultant electrical resistance is small, and therefore, there is no problem 
of generation of rx}ise in tiie ratio or other electronic devices. Also, the dispersibility in a conpound is good. In addition. 

40 the wear resistance is superior than with silica alone and tiie vutoanization rate is not slow, and tiierefore, addition of a 
vulcanization accelerator etc. is not required. 

Claims 

45 1. A rubber composition connprising (a) at least one rubber component containing a diene rubber and (b) a rubber 
reinforcing carbon blad^ having silica deposited on the surface tiiereof. 

2. A rubber composition as claimed in claim 1 , comprised by coagulating witii a coagulating agent a mixture of (a) 100 
parts by weight, in terms of solid content, of ril^ber latex containing a diene rubber and (b) 10 to 250 parts by 

so weight, in terms of solid content, of a slunry of a rubber reinforcing carbon black having amorphous silica deposited 
on the surface thereof. 

3. A rubber composition as claimed in claim 2, wherein the rubber reinforcing carbon black prior to the deposition of 
the amorphous silica is a GPF to SAP grade produced by the oil furnace method. 

55 

4. A rubber composition as claimed in claim 2 or 3, further oonprising 5 to 1 50 parts by weight of an aromatic process 
oil and/or high viscosi^ oil. 

5. A rubber oompositfon as claimed in any one of claims 2 to 4. wherein tiie content of tfie amorphous silica is 0. 1 to 
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20% by weight of the surface-treated caitx}n black. 

A rubber composition as claimed in claim 1 which is a rubber composttion for tire use comprising at least one rubber 
containing a diene rubber to which is blended surface-treated carbon black composed of rubber reinforcing carbon 
black having a nitrogen specific surface area (N2SA) of 25 to 250 m^/g and a DBP oil absorption of 70 to 1 80 mt/100 
g on the surface of which is deposited 0.1 to 20% by weight of silica. 

A rubber composition as claimed in claim 6, which is for tire cap or under tread use, wherein the cart>on black prior 
to the surface treatment has a nitrogen specific surface area (N2SA) of 55 to 250 m^/g and a DBP oil absorption of 
70 to 180 ml/100 g, and the amount of formulation of the surface-treated carbon black is 10 to 200 parts by weight 
based upon 100 parts by weight of the rubber. 

A rubber composttion as claimed In claim 7, which is for lire side tread use, wherein the carbon black prior to the 
surface treatment has a nitrogen specific surface area (NgSA) of 25 to 1 20 m^/g and a DBP oil absorption of 70 to 
150 ml/100 g, and the amount d formulation of the surface-treated carbon black is 10 to 100 parts by weight based 
upon 100 parts by weight of the rubber . 

A rubber composition as claimed in daim 6. which is for covering tire belt cords, wherein the carbon black prior to 
the surface treatment has a n'rtrogen specific surface area (N2SA) of 70 to 1 50 m^/g and a DBP oil absorption of 70 
to 150 ml/100 g. and the amount of fbnnutation of the surface-treated carbon black is 10 to 100 pads by weight 
based upon 100 parts by weight of the rubber. 
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